A performance evaluation study was undertaken with 14 coconut genotypes which include eleven tall and three dwarf genotypes. Among the 14 coconut genotypes, eight exotic and six indigenous were from diverse geographical origins. All the coconut genotypes showed variation for yield, yield contributing characters and quality traits. East Coast Tall recorded maximum plant height while Laccadive Ordinary recorded maximum stem girth. With respect to leaf characters, Philippines Ordinary recorded maximum number of leaves while Jamaica Tall recorded maximum petiole length followed by Fiji Tall. With respect to the flowering traits, Philippines Ordinary recorded the maximum number of inflorescence per palm. The tall genotype, Laccadive micro recorded maximum number of female flowers. Length of stalk was highest in tall genotype Strait Settlement Green. Exotic tall genotype, Jamaica Tall recorded maximum spadix length. For the yield characters, Laccadive Ordinary recorded the highest number of bunch per palm per year by followed by Jamaica tall while Laccadive Micro recorded maximum number of nuts per bunch, number of nut per palm followed by Andaman Ordinary. For the nut characters studied, the exotic tall coconut genotype Jamaica Tall recorded maximum whole nut weight, dehusked nut weight, husk weight, husk thickness, kernel weight, shell weight, shell thickness followed by Laccadive Ordinary and Philippines Ordinary. On the other hand, Laccadive Ordinary recorded maximum kernel thickness and nut length. Andaman Ordinary recorded maximum nut breadth followed by Philippines Ordinary. With respect to quality traits, the indigenous tall genotypes Andaman Ordinary recorded maximum copra content and in case of oil content Laccadive Ordinary recorded maximum followed by Andaman Ordinary.
Introduction
The coconut palm botanically known as (Cocos nucifera L) is an important tree in the humid tropical regions of the world, where it is grown both as a cash and subsistence crop. It is one of the important plantation crops of tropical world grown in more than 93 countries and supports the livelihoods of millions of people. Epigraphically, literal and sculptural evidences provide proof that coconut has served humanity for more than three millennia. Indonesia and Philippines are the first and the second largest coconut producing countries in the world. India is the third largest coconut producing country. Four southern States of India put together account for 90.99% of the total coconut production in the country (NHB 2016-17) . This palm, a monotypic species of the family arecaceae is a cross-pollinated crop with wide variability for most of the morphological traits (Selvaraju and Jayalakshmy 2011) . Several works have been reported on the diversity of coconut populations around the world. Earlier attempts to pool this diversity resulted in collection of different genotypes from all over the world. Knowledge of genetic divergence existing in the population will help to generate a selected population, which can be utilized in breeding programmes. The contribution of morphological traits to the yield was reported by Nampoothiri et al., (1975) . Since yield is the most important criterion for selection, an estimate of inter-relationship of yield with other characters is of immense help in crop improvement programme. Coconut palm breeders and agronomist are aware of the difference in coconut palm (Cocos nucifera L.) performances among varieties from location to location and from year to year (Natarajan et al., 2010) . Hence, the present study was undertaken to evaluate the performance of indigenous and exotic coconut genotypes under coimbatore conditions for yield and yield contributing characters.
Materials and Methods
The study was conducted at Coconut nursery, Department of Spices and Plantation crops, Horticultural College and Research Institute, Tamil Nadu Agricultural University, Coimbatore to evaluate the performance of indigenous and exotic coconut genotypes. The genotypes used and their origin are furnished below. (Table1)
All the indigenous and exotic genotypes were planted at a distance of 7.5 x 7.5 m. These genotypes were of 19 years old at the time of experiment. The experiment was laid out in a randomized block design with 2 replications with each genotype representing six palms per replication. Observations were recorded from all the six palms representing each genotype in each replication on vegetative, floral, nut and yield characters and the mean values were arrived at.
Vegetative characters-Six traits namely height of the palm, girth of the stem, number of leaves, petiole length, numbers of leaflets and leaf length were recorded. The height of the palm was measured from the collar region to the base of crown region and expressed in meters. The girth of the stem at one meter above collar region was measured and expressed in centimeters. The number of leaves per palm during each harvest were counted and recorded. Petiole length was measured for three leaves per palm and mean length of the petiole was arrived and expressed in metre. The numbers of leaflets on both sides of same three leaves were counted and the mean values are calculated. Length of the leaf was measured for three leaves per palm and mean length of the leaf was arrived and expressed in metre.
Floral characters-Four floral traits namely number of inflorescences, length of spadix, length of the stalk, number of female flowers were recorded. The number of inflorescence produced per month was counted and the sum of inflorescences produced per year was arrived at. The length of spadix was measured from the base of the stalk to the inflorescence tip and the mean values were expressed in centimetre. The length of the stalk was measured from the base of the stalk to its tip and the mean values were expressed in centimetre. The number of female flowers present per inflorescence was counted and the mean values were recorded.
Nut and yield characters-Thirteen traits namely whole nut weight, husk weight, husk thickness, kernel weight, kernel thickness, shell weight, shell thickness, number of nuts per bunch, number of nuts per palm, length of the nut, breadth of the nut, copra content and oil content were recorded. For whole nut weight, harvested nuts of 5 per genotype were weighed and recorded and their mean values were expressed in grams whereas for dried nuts they were dehusked and mean weight was expressed in grams. Husk weight was recorded for five nuts and their mean values were expressed in grams. Husk thickness at the widest portion for the same five nuts was measured and the mean values were arrived at centimeter. The kernel weight was recorded for 5 nuts and the mean values were expressed in grams. The shell of five nuts was weighed and the mean values were expressed in grams for shell weight. Dehusked nuts were deshelled and the kernel (endosperm) was split into two halves to measure endosperm/kernel thickness and the mean values were expressed in centimeter. The shell thickness was measured at the middle region of the nut and the mean values were expressed in centimeter. The number of nuts per bunch per harvest was counted and total number of nuts/bunch was arrived at. Number of nuts per palm in each harvest recorded and total number of nuts per palm per year arrived at. The length of the nut from one pole to other was measured by setsquare blocking of the nut and measuring the distance using a meter scale gave the polar diameter of the fruit in centimeter. The breadth of the nut at the middle portion measured by setsquare blocking of the nut and measuring the distance using a meter scale gave the equatorial diameter of the nut in centimeter. The copra content was recorded by, dehusked nuts were deshelled and dried under the sun to remove the moisture for a week and the mean values were expresses in grams. Oil content in percentage was measured by extraction procedure carried out in soxhlet extractor as per AOAC (1970) .
The mean values of morphological, floral, nut and yield characters over 12 months on the 14 genotypes were subjected to statistical analysis using TNAUSTAT (https://sites.google.com/site/tnaustat)
Results and Discussion
In the present study, the tall genotypes recorded higher plant height and stem girth than dwarf genotypes. The mean height of the palm ranged from 4.14 to 15.06 m. Among the tall genotypes East Coast Tall recorded the maximum plant height of 15.06 m. The minimum height of 4.14 m was recorded by Chowghat Orange Dwarf. Abeywardena and Mathew (1980) , Rajamony et al. (1983) , Ramanathan et al. (1992) , Ratnambal et al. (1995) , Renuga (1999) and Jayalakshmy and Sree Rangasamy (2002) reported that higher plant height has been noticed with tall varieties (Table 2) .
Stem girth is normally considered as a trait which is positively correlated with vigour and higher productivity. Differences in stem girth are readily noticeable between palms belonging to different genotypes (Table 2) . Abeywardena and Mathew (1980) and Rajamony et al., (1983) . Patil et al. (1993b) reported that the high nut yields were associated with high stem circumference, closely spaced short petioles and broad leaflets. Iyer (1980) reported that the increase in trunk height with simultaneous increase in number of leaves contributed to the overall yield of the palm.
Annually a palm produces twelve leaves and the number of available functional leaves at a time decides the health of the palms which will reflect on the nut production. Regarding the leaf characters the fourteen genotypes showed noticeable variation among themselves. In this study, Philippines Ordinary produced maximum number of leaves (33.89). Generally, numbers of leaves were higher in tall genotypes than dwarf genotypes. Ratnambal et al. (1995) Renuga (1999) and Princy (2013) also reported similar results ( Table 2 ). Length of leaf is an important character, since it decides the ability of the leaf to support the bunches in its axils also the photosynthetic efficiency. Larger the leaf, weaker it seems to be and unable to provide ample support to its bunches. On the other hand shorter leaf always provide adequate support to its bunches (Pieries, 1934) . In the present study also the tall exotic genotypes Jamaica Tall, Fiji Tall and Phippines Ordinary recorded higher leaf length and petiole length with decreased number of nuts per bunch per palm (Table 2 ).Generally petiole length was higher in tall genotypes than in dwarf genotypes.
The mean performance for number of leaflets was higher for tall genotypes. Increase in length of leaf size will result in maximum number of leaflets. Similar trend of result have been documented by Sugimura et al. (1997) . Higher the number of leaflets higher is the yield as reported by Ratnambal et al. (1995) . The number of leaflets on one side was high in Andaman Ordinary (121) followed by Laccadive Ordinary (120.06), Philippines Ordinary (117.28), Strait Settlement Green (117.12), East Coast Tall (115.44), and West Coast Tall(114.22) in the present study ( Table 2) . Number of leaflets was less in dwarf genotypes as reported by Ratnambal et al. (1995) and Renuga (1999) . In the present study also lowest number of leaflets was recorded in Chowghat Orange Dwarf (106.64). Hence the trait could be utilized for the identification of palms during collection programmes.
The breadth of leaflet which is one among the trait included in the list of characters to be observed for the documentation of diversity in coconut (Anon., 1995) . This character showed notably wide variation among the studied coconut genotypes. The breadth of leaflet was highest in East Coast Tall (5.39) followed by West coast Tall (5.32), Jamaica Tall (5.30), Laccadive Ordinary (5.23) ( Table 2) . Generally the breadth of leaflet was low in dwarf genotypes as reported by Ratnambal et al. (1995) and Augustine Jerard (2002) .
Floral characters are considered to be the key factors for nut yield in coconut. In a coconut palm which has reached a normal bearing stage, every leaf axil produces a spadix or inflorescence. The inflorescence characters showed wide range of variation among the genotypes studied. In present study, tall genotypes namely Philippines Ordinary (13.37), Laccadive Ordinary (13.26) and Andaman Ordinary (12.40) were found to be superior as they produced maximum number of inflorescence per palm per annum. Results are in accordance with the findings of Renuga (1999) (Table 3 ). The inflorescence length and stalk length were found to be important for characterization of coconut genotypes (Pillai et al., 1991) . They reported that generally dwarf genotypes produced short stalk length. Short stalk always help bunches to rest on the leaf which will avoid the buckling of bunches. The length of inflorescence was highest in tall genotype Jamaica tall (1.31) followed by Zanzibar (1.24). Generally dwarf genotypes were observed with shorter inflorescences. Strait Settlement Green (51.13) recorded highest stalk length among tall genotypes (Table 3) .
Significant variation was observed for number of female flowers per inflorescence among all the fourteen genotypes studied (Table 3) . Kannan and Narayanan Nambiar (1974) indicated that high yielding hybrids produced higher number of female flowers. According to Patel (1938) , the number of nuts harvested out of the number of female flowers produced was the most important yardstick for consideration.
Nut characters in coconut is more important and is evaluated based on the nut as well as the husk materials. Within the nut material, the kernel weight, kernel thicknesses, copra content are more important. The husk characters have also assumed importance in recent days because of not only its use in coir industries but also for coco peat which has got lot of export and local demand as a media for high value horticultural crops. Ramanathan et al., (1992) during their evaluation study with various cultivar and hybrids of coconut noticed that the cultivars West Coast Tall and Strait Settlement Green recorded the highest weight for whole nut. In the present study the tall genotypes, Jamaica Tall (868.71), Philippines Ordinary (829.94), East Coast Tall (823.58), Laccadive Ordinary (802.08), Strait Settlement Green (797.81), West Coast Tall (740.83), and Andaman Ordinary (698.89) recorded maximum value for this character. These genotypes also exhibited maximum value for husk weight and husk thickness (Table 4 ). Also tall coconut genotypes recorded maximum value for dehusked nut weight with high kernel weight. Increase in kernel weight and shell weight depend upon the weight of dehusked nut. The obtained result is in accordance with the findings of Santos et al. (1981) , Ramanathan et al., (1992) , Patil et al., (1993b) , Renuga (1999) and Manna et al., (2002) .
In the present study those genotypes having maximum value for dehusked nut weight also showed maximum value for kernel weight and shell weight. Similar trend was reported by Ramanathan et al., (1992) and Patil et al., (1993b) Renuga (1999) . Balakrishnan and Vijayakumar (1988) during their evaluation studies of coconut involving indigenous and exotic cultivars they also found that the cultivar Laccadive Ordinary was superior for the character nut breadth. They reported that this character was desirable and directly related to the copra content of nut (Table 4 ).
The present investigation showed that the tall genotype Laccadive Ordinary (11.78) and Jamaica Tall (11.19) produced maximum number of bunches per palm per annum. Similar results in West Coast Tall were reported by Potty et al., (1980) on comparison of coconut varieties for number of bunches per palm. The tall genotypes namely, Laccadive micro (10.65), Andaman Ordinary (9.34), Laccadive Ordinary (8.81) and Philippines Ordinary (8.03) recorded maximum number of nuts per bunch (Table 5 ). These genotypes also showed maximum values for nut yield. Ninan et al., (1961) and Patil et al., (1993b) also recorded maximum number of nuts per bunch with high yield in Laccadive Ordinary. In the selection programme due emphasis should be given for this character as it leads to production of number of nuts per palm (Abeywardena and Mathew, 1980) . The study on classification of coconut varieties based on nut character by Long (1993) showed that the dwarf varieties registered thin meat than tall varieties. In the present study also the dwarf type Chowghat Orange dwarf (1.01cm) recorded low value for kernel thickness. Dwarf genotypes also recorded low copra content than tall genotypes (Table 4 ). Similar result was obtained by Siju (2003) . Oil content is another important trait as coconut oil is used in the preparation of many products. Oil content was found to be superior in the Laccadive Ordinary (70.58%) and Andaman Ordinary (69.39%). Long (1993) reported that oil content did not show much variation among tall and dwarf types ( Table 5 ). In the present study also the difference in oil content between tall and dwarf genotypes was insignificant. A wide range of variation is reported for oil and copra content in different countries as it depends upon the stage of maturity and place of origin etc.
Growth is a complex entity associated with many characters, which are themselves interrelated. Such inter relationship of various growth components is highly essential to understand the relative importance of each character involved. If genetic correlation is high, attempts to obtain response in one character by selecting for the associated trait may be worth-while. This is especially true for the dependant character like nut yield. Knowledge of the association between yield and other biometrical traits themselves will greatly help in effecting selection for high yield. Genotypic and phenotypic correlations of different biometrical traits with nut yield per palm were estimated and presented in Table 6&7 .
In general, genotypic correlation coefficients between characters were greater in magnitude than the phenotypic and environmental correlation coefficients.
Higher genotypic correlation coefficient than the phenotypic correlation coefficient indicates low environmental effects on the expression of association between characters. Renuga (1999) , Sindhumole and Ibrahim (2001) and Augustine Jerard (2002) also observed such trends in coconut. The traits viz., number of female flowers per palm, number of inflorescence per palm, number of nuts per bunch, shell thickness, oil content, number of bunch, nut breadth, dehusked nut weight exhibited positive and significant correlation at both genotypic and phenotypic levels with number of nuts per palm( Table.6 ).
At genotypic level alone, the characters, number of leaves, petiole length and shell weight registered significant and positive correlation with yield. Hence, these characters could be considered as major yield contributing characters in coconut. The results are in consonance with the findings of Renuga (1999) . Positive and significant correlation for number of nuts per bunch with number of female flowers was reported by Pieries (1934) , Thampan (1970) , Ballingasa and Caprio (1976) and Louis (1983) , number of inflorescence by Abeywardena (1976) , number of nuts per bunch and oil content by Patil et al., (1993b) , number of leaves by Patel (1937) , Satyabalan et al., (1972) , Abeywardena (1976) and Balakrishnan et al., (1991) . Sindhumole and Ibrahim (2001) and Selvaraju and Jayalekshmi (2011) reported yield had significant positive correlation with both vegetative and reproductive characters. Due emphasis should be given for these character in selection programme.
Plant height, length of leaf, number of leaflets (left), whole nut weight, kernel weight and kernel thickness also showed positive and non significant association with nut yield per palm. Similar results have also been reported for plant height by Satyabalan (1972) , length of leaf and number of leaflets by Abeywardena (1976) and Sukumaran et al., (1981) and kernel thickness by Louis (1983) and Patil et al., (1993b) . Negative and significant correlation was observed for stem girth with nut yield per palm indicating selection for stem girth is of minor importance. The results are in line with the findings of Ramanathan (1984) , Renuga (1999) and Augustine Jerard (2002) . 
